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Fractional calculus is a generalization of ordinary differentiation and integration to arbitrary order. The fractional differential equations play an important role in various fields of science and engineering, such as chemistry, biology, control theory, viscoelastic materials, signal processing, finance, life science and so on, see Kilbas et al. ([@CR8]), Samko et al. ([@CR16]), Podlubny ([@CR15]) and Orsingher and Beghin ([@CR14]).

During the last 10 years, boundary value problems for fractional differential equations are one of the most active fields in the researches of nonlinear differential equations theories. For further details, see Bai and Lü ([@CR3]), Zhang ([@CR19]), Caballero et al. ([@CR5]), Xu et al. ([@CR17]), Lin ([@CR11]) and Goodrich ([@CR7]). Meanwhile, fractional boundary value problems at resonance have been extensively studied. For some recent works on the topic, see Kosmatov ([@CR9], [@CR10]), Bai ([@CR2]), Bai and Zhang ([@CR4]) and Yang and Wang ([@CR18]) and references therein. It is well known that differential inclusions have proved to be valuable tools in the modeling of many realistic problems, such as economics, optimal control and so on. Recently, fractional differential inclusions have been investigated by several researchers, we refer the reader to Agarwal et al. ([@CR1]) and Chen et al. ([@CR6]).

As shown in the above mentioned works, we can see two facts. Firstly, although the boundary value problems for fractional differential equations at resonance have been studied by some authors, the existence of positive solutions to fractional differential equations at resonance are seldom considered. Secondly, there are few papers to deal with fractional differential inclusions under resonant conditions. The study of positive solutions for higher-order fractional differential inclusions under resonant conditions has yet to be initiated.

To fill this gap, we discuss the fractional differential inclusions ([1](#Equ1){ref-type=""}) by using the Leggett--Williams theorem for coincidences of multi-valued operators due to O'Regan and Zima ([@CR13]).

The rest of this paper is organized as follows. "[Preliminaries](#Sec2){ref-type="sec"}" section, we give some necessary notations, definitions and lemmas. In "[Main results](#Sec3){ref-type="sec"}" section, we obtain the existence of positive solutions of ([1](#Equ1){ref-type=""}) by Theorem [1](#FPar6){ref-type="sec"}. Finally, an example is given to illustrate our results in "[Example](#Sec4){ref-type="sec"}" section.

Preliminaries {#Sec2}
=============

First of all, we present the necessary definitions and lemmas from fractional calculus theory. For more details, see Kilbas et al. ([@CR8]), Samko et al. ([@CR16]) and Podlubny ([@CR15]).

**Definition 1** {#FPar1}
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**Lemma 1** {#FPar3}
-----------
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**Lemma 2** {#FPar4}
-----------
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In the following, let us recall some definitions on Fredholm operators and cones in Banach space (see Mawhin [@CR12]).
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**Lemma 3** {#FPar5}
-----------
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Main results {#Sec3}
============

In this section, we state our result on the existence of positive solutions for ([1](#Equ1){ref-type=""}).
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Example {#Sec4}
=======

To illustrate how our main result can be used in practice, we present here an example.
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Conclusions {#Sec5}
===========

In this paper, we have obtained the existence of positive solutions for a boundary value problem of fractional differential inclusions at resonance. By using the Leggett--Williams theorem for coincidences of multi-valued operators due to O'Regan and Zima, we have found the existence results. Our results are new in the context of fractional differential inclusions and positive solutions. As applications, an example is presented to illustrate the main results. In the future, we will consider the the uniqueness of positive solutions for the fractional differential equations at resonance.
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